Summary: CS-PSeq-Gen is a program derived from PSeq-Gen, designed to perform simulations of the evolution of protein sequences under the constraints of a reconstructed phylogeny. It also provides a basis for the investigation of the correlated evolution of sites.
The simulation of sequences is one means of investigating phylogenetic hypotheses. Different programs have been designed for such simulations (Grassly et al., 1997; Schöniger and von Haeseler, 1995; Stoye et al., 1998) mostly with the aim of allowing the test of generic features such as the efficiency of phylogeny reconstruction methods or evaluating competing phylogenetic hypotheses (Hillis et al., 1996) . As our understanding of the mechanisms underlying evolution becomes more accurate, and the amount of protein data increases, the investigation of the increasingly hypotheses becomes tractable (see, for example, Parisi and Echave, 2001) . At the same time, the search for evolutionary features specific of particular protein families becomes our concern. Simulated protein sequences can provide an expectation under a null hypothesis against which real data can be compared. However, in order to investigate hypotheses related to the evolution of particular protein families, it becomes necessary that simulations take into account as much information as possible that can be inferred from a particular phylogenetic reconstruction. In particular, the 'root' sequence that initiates the simulation, and the model driving the substitution process will condition the correctness of the simulation and should be chosen according to the information available from the phylogenetic reconstruction. Also, the heterogeneity of rates among sites is, for a given family of proteins, specific of each location.
CS-PSeq-Gen is an extension of the PSeq-Gen program (Grassly et al., 1997 ) that attempts to meet such requirements. PSeq-Gen was designed to simulate protein sequence evolution along phylogenetic trees, and incorporates common models of amino-acid substitutions as well as site-specific heterogeneity following a gamma distribution. Starting from PSeq-Gen, a layer of facilities allows simulations constrained by the information of the phylogenetic reconstruction associated with a collection of proteins. It is designed to use informations that could be obtained either using Parsimony (in particular from PAUP (Swofford, 1993) ) or Maximum Likelihood (ML) (in particular from PAML (Yang, 1997) ). Finally, a particular type of application for such simulations is the search for co-evolution of sites in families of proteins. There has been recent interest in attempting to decipher whether such process is part protein evolution, and to identify sites which participates to such process (see Tuffery and Darlu, 2000 and references included). CS-PSeq-Gen also offers some facilities to generate sequences under such hypotheses, and propose a basic scheme for their detection. Examples related to the different facilities are provided with the program. Rate heterogeneity among sites: The original PSeq-Gen program supports rate heterogeneity among sites, using random assignment from a Gamma distribution. CS-PSeqGen implements the possibility of taking advantage of the rates estimated from the phylogenetic reconstruction. For ML inference, rate heterogeneity can be estimated. Using parsimony, such rate heterogeneity among sites must be deduced from the reconstruction of the ancestral sequences. CS-PSeq-Gen can also estimate the rates r i from the ancestral sequences as r i = f i / f m where f i is the number of substitutions observed for site i along the tree, and f m is the corresponding average for all sites. Hence, the values are distributed around 1. As the rate heterogeneity among sites observed in simulated sequences is also dependent on the nature of the starting sequence and on the substitution matrix of the evolutionary model selected, it is, in addition, possible to iteratively optimize the rates among series of simulations to fit target rates, using the built-in procedure to estimate the rates. 'root' sequence: Since the substitution rates are dependent on the nature of the amino acids, the choice of the c Oxford University Press 2002 sequence that will be propagated along the tree will condition the simulation. CS-PSeq-Gen enables the user to input a specified 'root' sequence, that can correspond to a sequence inferred from the phylogenetic reconstruction. To avoid the too strong constraint of using repeatedly the same root sequence, it is possible to use as root a sequence resulting from the simulated evolution of the user specified sequence according to the selected evolutionnary model. constraining simulations around the reconstructed sequences: In order to obtain an expectation under a null hypothesis against which real data could be tested, it is sometimes useful to quantify the impact of the variability associated with the branch lengths. For example, Tuffery and Darlu (2000) showed that constraining or not such variability can lead to opposite results in the detection of correlated evolution. CS-PSeq-Gen offers facilities to constrain the simulations so that the resulting branch and tree lengths cannot exceed values bracketing the target values according to a given amount of variability. Extreme values are computed assuming that the number of substitutions along a branch follows a Poisson law P(λ), where λ corresponds to the number of substitutions observed in the reference dataset. Simulations for which the number of simulated substitutions is too far from the average number are rejected. A similar facility is also implemented for rate heterogeneity among sites, but simply consists in accepting simulations for which the chi square deviation between observed and reference rates is compatible with a user specified type I error. simulating site correlated evolution: Clusters of cosubstituting sites can be defined-the number of clusters and the number of sites of a cluster can be fixed or randomly selected. Such clusters, considered as a unique pseudo-site, undergo a special substitution process with an associated probability of substitution p s . When one cluster undergoes substitution, each site of the cluster is given a chance to undergo substitution. A transmission coefficient t c varying between 0 and 1 can be specified for each cluster, to allow the simulation of full (t c = 1) or partial (t c < 1) co-substitution. Note that such substitution model is biased (number of substitutions along branches more than expected, rate heterogeneity among sites biased) and that only approximate unbiasing can be achieved. detecting site correlated evolution: Finally, in order to allow a test of the significance of the number of cosubstitutions observed in the reference sequences, the program can store the number of co-substitutions detected under a null hypothesis. In its basic form, the program stores, for pairs of residues, the number of co-substitutions observed among the simulated sequences. This results in building the distribution of the expected number of cosubstitutions under the null hypothesis of no site correlated evolution. From such bases, programmers can implement more sophisticated detection procedures.
